(19) 



(12) 

(43) Date of publication: 

02.01.2002 Bulletin 2002/01 

(21) Application number: 011160355 

(22) Date of filing: 02.07.2001 



ill 

(11) EP1 167 583A2 

EUROPEAN PATENT APPLICATION 



Europfilschcs Patentamt 
European Patent Office 
Office europeen des brevets 



(51) intci7: C25D 3/38, C25D 5/10, 
C25D 17/00 



(84) Designated Contracting States: 

ATBECHCYDEDKESFIFRGBGRIEITLILU 

MC NLPTSETR 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 30.06.2000 JP 2000199924 

(71) Applicant: EBARA CORPORATION 
Ohta-ku, Tokyo (JP) 

(72) Inventors: 

• Nagal, Mizukl 
Fullsawa-shl, Kanagawa-ken (JP) 



• Okuyama, Shuichi 

Tsuzukl-ku, Yokohama-shI, Kanagawa-ken (JP) 

. Kimizuka, RyolchI 

Tokyo (JP) 

• KobayashI, Takeshi 
Fujteawa-shI, Kanagawa-ken (JP) 

(74) Representative: Wagner, Karl H., Dipl.-lng. et al 
WAGNER & GEYER Patentanwfilte 
GewUrzmlihlstrasse 5 
80538 MQnchen (DE) 



^54) Copper-plating liquid, plating method and plating apparatus 



(57) There is provided a copper-plating liquid free 
rorr an alkali metal and a cyanide which. "f ^f 
plating of a substrate having an outer seed layer and 
Sne rLsses of a high aspect ratio, can reinforce the 



thin portion of the seed layer and can embed copper 
completely into the depth of the fine recesses. 

The plating liquid contains divalent copper ions and 
acompiexingagent.andanoptionalpHadjust.ng agent. 
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EP1 167 583 A2 

Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

Description of the Related Art: 

or he like ,orrr,ed on .he entire surface ad a efd,a^^^^^^^^ « ^anlerlayerS oVtIn 

copper film 6 on the oxide film 2 is removed hi oh.™ ? ' f^" ^ "PP^"" '""^ ^ °" ^he oxide film 2 Thereafter thl 
copperfiimefiiiedinthecomaSr?^^^^^^^^^ 

substantially on the same plane An intP«v,n„J? mtetconnects and the surface of the oxide film on! 

10005, The seed layer rZlr^XiZZT::::ZZl^^^^ ^ ^''^- ^S'sTus 

becomes ,/,o or less of the thicknessTo the .^^^^^^^^^^^ nearthe bottom portio Ter^o 

he subs rate. When electroplating with^opper s SlTo Jrf^ 1' °' 'f^^ -"rf^*^- o 

sutfate platmg liquid, an electric current hardly piSs hrounh 2 T ^"^^^ ^ ^'^'^^ "«'"9 a copper 
to the f om,ation of an undeposited portion 8 hS" ^oTf ■ 
mcreasing the overall thickness Of the seed layer7soasr^hic^^^^^^^ 

since .n electroplating with copper for fillino sS trenrh I '^""^'^ be successful 

^««"'ting in the foilon L a v?id '^^P^^" ~ the opening of thT^S 

4,eC;rnS^^^^^^ 
such a copper-Plating liquid, howeve? Is ine^TJ oTun^^^^^^^^^ « -"ge, has been developed.' 

generally contains an alkali metal such as sodZ and r^tf» 'or pract«al use. Moreover, the pH adjusting agen 
applied to a sem^onductor substrate, cause' ei«,S~- f ^'^^'"9 liquid containing an alkali meta? E 
acopper-platingliquidcomprisingacopperct^lTrSr «il ^^'"'^''"^'Mctor. There is also k^o^n 

to avo,d using such a pteting ,k,uld fro^ope^ral^nS:^^^^^^^ 
SUMMARY OF THE INVENTION 
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.«o.o^eain.esu.aoeo,asu.st«te.anda.sotoprov.aeap.«ng.et.oaanaa,a«^ 

metal and a cyanide, comprising divalent copper 1°"^ ^"^^^''"^J^;;^^^^^^^ the unifonn electrodeposttlon 

in tne copper-plating liquid can the ^^^^^^^^^^^ L'Ser 1 tlS ruling with copper Into the depths 

property. This enables reinforcement of the thin portion of a ^eoiayer ^ ^ited plating is dense, and 

the use of a cyanide. „tain a nHadlustinaaqent selected from agents not containing an allcali 

[0010] Preferably.theptetingliquidfurthercomamap^^^^^ 

metal nor a cyanide, such as — ^'^ .J'^,^^^^^^ necessity, the plating liquid may be maintained 

monium hydroxide. By using such a pH adjusting «9«"' preferably at a pH range of 8-9. 
within a pi range of 7-U, preferably at a P^J^."' ^J^^^^^^^^^ in the range of 0.1-100 g/ 

[0011] The concentration of divalent copper lons '"f J*^^^^^^^^ 
.morepreferablyintherageofl-IOgfl.Acopperionconcentra^^^^^^^^^ 

hereby loweringthep-ecipitationefficiencyoW^^ 

the electrodepositlon property of the Z^Zore preferab^ in the range of 20^200 gfl. 

range of 0.1-500 g/l, more ^'^tlVthfaZ r^i ^ad^qu^^^ complexing wrth copper can hardly be made 
When the concentration is lower than ^^J*^^. higher than the above range, on the other hand, 

whereby sediments are likely to produce. When ^^t^^'^^Tri^Z^tivasooeamnoo is worsened and, in addition, the 
the platlig can take ontheso-calledWd^^^^^^^^^^^ 

treatment of waste liquid becomes "^^^^ complex. On the other hand, too high a pH 

«h,l... phosphors *• ' °' 

excellent unifomi electrodepositlon property. „„.^us comprising; a firet plating section for plating a surface 

[00171 The present invention also provide a P'^^'^S ^P^^"" ?3" J^^^ a barrier layer and/or a seed layer 
L slbstrate having fine recesses fomied in the surf^^^ 
lnafirst.stage;afi.stplatingliquidfeedse«.onfo^^^^^^^^^^^ 

asecond plating section forplatingthesurfaceofthesubstra^^^^^^ 9 ^ ^^^^^ .„ ^ ^ 

stage; a second plating liquid feed section ^/X^elroLhefiret plating section to the sew^ 

plaSngsection; -da transport section, or tmr«^^^^^^^^^^ P 9,,^^,, 

section, wherein the first plating liquid has a higher P0'«'7«'°^ loadlnq/unloading section for loading and 

0«81 The present invention provKie a Pf^afoiLCunTfTSg -etfl film on a surface of the 

unloading a semiconductor ^"'^^^f ■ ^Jl^l"^,^^^^^^^^^^^ plated metal film on the first plated metal 

semiconductor substrate; a second metal Pf "^9 J? ^^e edge portion of the semiconductor substrate 

film; a bevel-etching unit for etching away a metal film fomted on eog p 
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om,ed on the edge portion of the seniiconduS subt^a ^^^^^^ T' '''^'''"^ ^^^^ ^ 

hereof; and annealing the bevel-etched semic^nductoS^^ P"'^' "'^ °" ''^^ ^"rface 

srrrrTth^^^^^^ 

!SLg?eso?Srh'eMrn'iJ^^^^^ invention will be apparent from the 

ments of the present invention by way of exampte ^'^'^^"^"^ '^^'"S^ which illustrates preferred embodi- 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 



(at the time of transfer of a7ubstrate);^ ^ ^^^^^ "^^ non-plating process 

at the time of transfer of a substrate; relationship among a housing, a pressing ring, and a substrate 

FIG. 8 is an enlarged view showing a part of FIG 7- 

F.aia.saschematicviewshowingTrr^^^^^^^^ 
FIG. 15 is a plane view of FIG- 14 

Fia^a^ac^ss-^^^^^ 

nl^^^il! ''iT"' '^^'"^ ""^ A-A of FIG 16; 

FIG. 1 9 is a flow diagram showing the flow of oS^Ji ^ross-sectional view of the robot hand; 

the present invention; ® *°'P~^^"'"P''^°'^i"9to an en-bodiment of the plating method^M 

ss/g^'uL^r^^^^^^^^^^ 
rfthe;;:s2rvrn";^''°"'"«^ 

srzrvSrast^^^^^ 

in^n'Sn' " ^^'^ « °' « ^PPa^atus according to another embedment of the present 

Fl'f 26T."'™"^'5'' "'^9^^"' "'"«^««n9 another plating steps- 

invention; ^ ^^°'"°'' P'**'"9 W"«^"«»«'ing to still anot^^^ 
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33B is a side sectional view; ,««„„„hino- 
FIG 34 is a schematic front view of the neighborhood of a reversing machine. 

RatLplanviewshowlngalayoatofaplaUngapparatusaccordlng 

RG'tLplanviewshowingalayoutofaplating apparatus accordingtostillanotherem^^^^^ 

rgT sSa through 39C are diagrams illustrating, in a sequence of process steps, the fomiation of copper inter- 

r:SrnroBrc:rinalvtewsillustratingthestateofase^^ 

invention; 

42 isaplanylewshowlngalayoutofaplatlng apparatus according to stillanother embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
10022, Preterredembodimentsofthepresentinventicnwnj^^^^^^^^^^ 

„ithafirsttransportingdevice24fortransportmgasubstralebe^^^^ 

washing section 20 and the plating sections 22 .^^^ ^ ^^,.„g 3p3<,e g and 

[0024] The plating apparatus has a partition wall 71 1 lor dwiaing p.-ia «hh 71 2 and the 

l«»n.l .ir 1. lnl,o*,c«l .h.ough . p*. 730 ».d •^^^'^^^J^ZZ^:^ «» cl.>nWdn*>9 

:r:^rt:r:^^^^^^^^^ 

S pressure of the Clean space 713 is set to be tower t^^^^^^^^^ 
100261 Theplatingspace712havingthewash,ngse««ns20^^^^^^^^^ 

but a contamination zone). However, it is not Ind a d^flow clean air is pushed Into 

In the ptetingspace 712. afresh external air is 'ntroduce-^^^^^^^^^^ 3or fherrbrpr^rm ^partteles from being at- 
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[0028] 



pipe 739 extended from a floor 73^ .n sSTst^ft^^^^^^ 

lower than the pressure of the cleanip^ 7?3 '"^ '"^"'^ «P«»« 2 Is maintained to be 

thus circulate in the plating space 7l5 Jf^hS^cSL coSl T 1 P'^""^ ^P^*^ »° 

sections 20. the plating scions 22 the hiStran^^rtl 'f-^ ««shing 

Charged through thepip'e 738t; hf^io n^^^^^^^^ « P'^«"9 """'^ ^«9"'ating tank 740 is dis' 

than the pressure of the clean space 713 '"^""^ ^^^''^ ^ is controlled so as to be lower 

the piating process contatr 2 Z^S^l^J^uT'^^TsT^^^ ^ ' '^^P-^ 

Un ipw^d^^JraTa^drrtrb^^^^^^^ -^^^^ « P-'"^ ^^'^a.^er 49 .hich . 

nozzles 53. Which project horizontaVtowa^rhr^^^^^^^^ 

equal intervals on the inner cii^^rrVn^wa '^tSe L'^ '1'?"' '^'^P'^^ ci^^umferentSJ 

tr h th?pi£;Krur2pe?^^^^^^^ ^ '^-'^ '^-^^^^ -own in P,0. 4 

disposed on each of the plaS'ng' K supp^^es £ Pressure so as to be constant are 

Ste. '2^3^ rdCofed iTpSrr e" tJ "'"^^^ ''^^'"^ ^ '^-^^ °' « o,. for 

220preventsablackfilrnforron'l^esurf2eoft^^^^^^ ^''^ ^'"""9 c^^^ri^rAS. The punch plate 

being flowed out. '^''^ ^""''^ '^'^ '^"^'"9 "P the plating liquid 45 and consequently 

tSinti:;£ti?^^^^^^^^ 

liquid discharge ports 59 for discharging t^ptSCd 4^ wh c^^^^^^^^ ^"'^ P'««"9 

upper end of the piating container 50. Further the 0120 SnTa nir «;n ko ' ^ P™''"^'' « ^he 

discharging the plating liquid before overflow^g theS rn^lT^^^^^ T"^ ''^''^'^ P^^^ ^20 for 

second piating liquid discharge ports 59 and the mirrolaL it. w h.^k ^""^ """"^ ^^^o^S'^ '''^ 

plating container 50. and then is dischamed f o^Vhl ^ ^" ^^0 joins at the lower end of the 

discharge ports 120 as sZ.lt^ TZlT'JT^ container 50. Instead of providing the third plating liquid 

havingapredeterrnined Width a^^r^etenJlL^^^^^^^ 

andis then d^charged to the seS.nd P-algt^dth^ge p^^^^^^ "'^"S^ °P«-9^ ^22 

and discharged to the exterior through thrsSSS,SXr«™ '""'"^^ '"^ °P^"'"9« ^22 

9A, the plating liquid overflows the weir m^r STSiSar^Sf f ^'G- 
discharge ports 69. On the other hand duTlZ^tiS ihe^hl^ , P'«""9 '"'"'^ 

liquid is discharged to the exterior throCtZtSJ^^tr^T '^l^"*"""' °' P'^^^S "q^icl supplied Is small, the plaiing 
9B. the Plating Squid is pa^S? o ghte^ ora-tematlve^asshown I PIg' 

liquid discharge ports 59. In this manner this cortmcSn ^1 '^"^ ^'^^^or through the second plating 

liquid supplied is large or small construction can easily cope with the case where the amount of plating 

S"^iiqru^;rzr53:'^^^^^^^^ 

ports 59. are provided at circumferen™^S^^^^ 

liquid is passed through the through hol^ 224 In^ " dlr!? hT ^" ^'^""^ perfomied. the plating 
discharge ports 59. thereby controChe^iq^id level if the nlZn i ,1 n"""'"' '^'^ P'^""^ 

second plating liquid dischaige^^ 59 S^^^^^ P'««"9 "''"'^ dfecharge pipe 60a The 

plating container 50. and the joiLd^agV^ t '^^^^^^^^ """^ '''' 

discharge pipe 60b. connected directly to the reservoir 226 through the plating liquid 

[0036] The plating liquid which has flowed into the reservoir??!? i« int,^,^ u 
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a downwardly open end and has openings 96 °" ^Jti^^^^^ projecting ring-shaped substrate holding 

FIGS 7 and 8. the substrate W is held by a robot J*"^ "^7™ j^e substrate holding rnember 72. 
SLwis placed on the uppersurfaceofthesee^^mgm^^^^ 

Jherobothand H is withdrawn from the hous.ng70, ^''1^';^^^^.;^^^^, g.rface of the pressing ring 240, thereby 
« portton f the substrate W be^^en the sealing m^Jer 244 an^ the lower s^^ ^^^^^ ^^^^^^^ ^ , 
Soldingthe substrate W. f portion posit^ely. At the same t«T,e. current 

pJS,l Returning to FIG. 3. the housing 70 '| "'""^^^^.ted at predetemiined positions along the crouo. 
30 gization of the motor 246. The pressing rods 242 ^^^^^ ''^Zie6 through a bearing 256 on the lower end of a 

rrrsirrr^v^^y^^^ 

;S^nL^po.2S0 is mounted onaslide base 2^^^^^^^^^ 
'riedbyeSLg^ationofthemot.^^^^^^^^ 

movable together with the upper housing 264 ^nergiz^" ^ace of the plating comainer 50. 
Tunding the housing 70 during plating is "^'^'T'^r^r^Zn^ 0^.^,0 performed in such a state that the support 
00421 With this constmction, as shown in FIG. 6 ^''^^'^^'''^ ^^^^^ to deposit on the Inner clrcumferentia 
S) d the upper housing 264 are ^a'sed. A c^stel of ^^^^^^ ^,,3,,, , ..^ge amount 0 

surface of the weir member 58. However, the «"PP°'' J"^"^^ t^e crystal of the plating liquid is prevented 

he Sni lU is tlowed and overflows the w^^^^ 
L teingdiosited on the inner circumferential surfa^^^^^ 

?L p JingfiquW is integrally provided in the Pj^^^ J^bX^^^^ sSch as HIREC (manufactured by ^^T 

Irf lows during plating process, ^ ^^'^ J^^J^^^^^^ the splash of the plaUng liquid, the crystal 

r^ra^gCr;^^^^^^ 
irurxrLbrr^^^^^^ 

f,^!ni FIG 1 0 shoiTO the substrate centering mechanism 270 In ' ^ ^. ^d within the bracket 272. 
TsS ri^ bracKet 272 fixed to the hou.^^^^^^^^^^^^ 

Si posftionlng block 274 is swingabhr moon^^T f^^ 70 and the posifloning block 274. Thus 

Further a helical compression spring 278 Is interposed ^ " that the positioning block 274 rotates abou 
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mm With thic r^^nof Z — "pwara Direction. 

[0051J According to the plating section 22 the heaH J? u ^® attracting hand, through the ooenina 9b 
[00521 RG "^'^ °' anode 48 be 

ticned mside a bottomed cylindrical Je^^tTZV^TT T^^'^P"^^^ ' '"^^^^ "olding poZSpiT 
astate that the face of the substrateWfarsCSihn^^^^^^ 

424 placed above a nearly central portion of the surfacTnVtL u f ^ substrate; a center nozzle 
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a height direction of the substrate W ^^^^ e^ge nozzle 426 can be arbitrary 

[0054] The width of movement L of the f^^lZ^^ZLhera end surface of the substrate, and a set value for 

C can be removed. atchina/chemical cleaning section 1 6 will be described. First the 

[0055] Next, the method of clean.ng wrth '^'^f ^^^'^^^^^^^^^ portion 422, with the substrate 

semiconductor substrate W horizontally rotet^ '^^^^^^ '^^^^ potion 422. In this state, an acid solution « 
being held horizontally by the sp.n chucks 421 o the jute "B^e no j p ^^^^^^^ ^ ^^^^^^^ 

supplied from the center nozzle 424 to '''.^/^"^^'^^^^^^^ citric add, oxalic acid, or the like used. 

hypochlorite is used, or a combination of these « "sed ^^^^^^ ,^ ^^,3 region of the 

[SbC] in thfe manner, the copper film, or '"^^ '^2^^^VT^So^«^^ «tth the oxidizing agent solution, and 
Uripheral edge portion C of the semiconductor subsu^^^ 

Kultaneousvetched wnh the acid solution supphed 

of the substrate, whereby it Is dissolved and .^^.^^'^^^^^ be obtained, in comparison with a mixture of 

me peripheral edge portion of the «"bstrate, a s^«j) « ^^^^^^ ^^^^ ^ ^^^^^.^^ ^ ^ 

ther; Which is produced in advance being s"PPl^«l .'^^ t"^^^ SwLed portion on the surface of the substrate, th« 

:=;rdrrrae:Li3:;s^^^^ 

I removed by flowing HF over the ^^^''^^^'^'^Z^^^^ 

rrdrra^--p:= 

Lded by the removal of the copper oxide fi^ in the above n^nr^er ^^^^^^ ^^^^ 

ScXSraS=rsu.acesu.asS.^^^^^ 

:-sSr:srr=^^ 
;::;:s:is^rrr^rw^^ro;^rr^^^ 

a mixture liquid of Hfis and HF. agent are supplied simultane- 

[0060] On the other hand, an oxidizing agent 8°'^^'°" ^ ^ j^a^kside of the substrate. Therefore, copper 

iuslylranematelyfrom the back nozzle428te^^^^^^^^ 
orthe like adhering in a metal fomi to the backs de of 

be decreased in number. .tonned first a hydrophobk: surface is obtained. If the etching 

10061] Thus, if the supply of the oxidizing «9«"» ^.^"PPf 'Jip' 2 suSace) is obtained, and thus the backside 
agent solution is stopped first, a water-saturated su^^^^^ 
50 sSrfacecanbeadiustedtoaconditionwhichjIsa^^^^^^^^ 

acid solution, i.e., etching solution is supp^^ed to the «f f ^Jf ° '^"""^^ water and remove the etching 

Lbstrate W. Then, pure water is ^^'^^ »° ^^To n th^^^^^ em v^l of the' copper f ilm in the edge cut width C 
solution, and then the substrate ^^J^^I^J^^'S^^^^^^ ^^^^^ and removal of copper contaminants on 
at the peripheral edge portion on the surface he se^^^^ 

" rs:cXi°:~nb^^^^^^ 

X "SS-Urugh 17 Show a rotatable holding device 440 part^ular, sutted for use In the cteaning^drying 
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and rotated by a rotatable drive shaft 442, and a p^S of Sidtn m k ! ""^'^""tafy 
rotatable member 444. The holding memt^rs 446 are mlmS^^^^^^ T ^""^^^^^^ ^ above the 

5 and arranged along a ci«^e with the rotatable dri^sZ « ..T' 'f^'°'''°"°'"'" rotatable member 444 
spaced at a predetemined distance (60- in tti Z^ZT^ **** ^'^"^ "'^'^ '>eing 
penpheryWofthesubstrateW therebvholdinntLTK , ? ^® *'°"^''"9 members 446 enqaaes the 

abe.dnVing device for connectlJttS^^^^^^ 

accommodating the rotatable holding device 440 tha? is a^St n .'^ ^"^ " "^^""'^^ « housing for 

[0063] FIG. leshov^thedetallsofeachhoSgmere/r^^^ 

and has near its top an engaging surface 444 foSed aTannt^f r al^lT^ T*^' ^ substantially columnar, 
to make a friction engagement with the peripherj^of the subJ^^t^^^^^^^^ '""'"'"^ '"""^^ ^ ^<^«P»«'^ 

a slot 460, Which is fom,ed in the peripheral ZlTmo "oS. rnI^^ °Z^ 

452 that .s located beneath the rotatable membe Jwan^rf ^'^'^'^ member 444, on a holding plate 

the rotatable member 444. The holding IXl^eTheW on fh?h "''^ " ^"""^ »° togethSr'^h 

torotatable about Its own axis. Thus, the hoSingZ^S^^^^ 

^ =»oS:^:rr^^^^^ 

~emem^SSe?^^^^^^^^^^^ 

re:c=:4^jrrs= 

458 Shown by the solid line in F^l 7 r" IlS t^^^^^ ^'^^'^ 454). The posL of thrwe^ 

an elastic means, not shown. When a certain centrZal fo^iJtn„T^^^'^^^ 

dtroiar^.^"-^------^-^^^^^^ 

cT^the?ardS:St^^^^^^ 

member 446 can move aiongthesiot 450 betwee^Znaaain^^^^^ 
the homing member 446 engages the peripheTw "t^;^^^^^^^ 
from the engaging/holding position. Further the holino nintelcj^ ^ 

rotatable member 444 by a spring 460 so tha hVeCginT XXftS hT' '''''' ''^"^^ °' 

scHbed. Fl., e'ach ^old^Ser' t^^^^^^^^^^ 'He substrate W will now be de- 

d.rection of the rotatable member 444 to the rSease oSZ ihl^T °' """^ radial 
rotatable member 444. and the holding memSr Se ITtZ^tT"' ^ is set horizontally above the 

surface 448 into engagement with the peripS^ W" I Z^^^^T^T^''''''^ P""'""" """9 engaging 
elastlcaliy hold the substrate W ^ ® ^' «"owing the holding member 4^ to 

!ra?onre" :Shrrr rrc ;:rsnr ^^"^'"^ ^ « ^o- comes 

rotatable member444 is low, and sTme tigm ^^^^ ^« weak when the mtational speTd of^ 

the weight468 in the home position. WhentS^Sna :^^^^^^^ 

value, the centrifugal force acting on the weight iTelStte cLlT '"""'^^ '^'S''^' '^^^ « P^^'^^^'ar 
«8 to swing, Whereby the holding member Lswinl^n?ottl)?bou^^^^^^ 

mfnctionengagementwiththeperipheryWofthesSi^w^i f ul^^^ holding member 446 is 

-^6 makes the substrate W mL^n t^el^^lToSjaS^^^^ 

the penphery w' of the substrate W. shifting the engaging portion to 

[0068] According to the embodiment shown in FIGS iRnnHi 7 .K 

to the central axis of the holding memberZS /rloun ed on whose center of gravrty is eccentric 

we,ght45e.enablestheholdingmember446toswSgX£er2^^^^^^^ '''' «^ntric 

for the swinging (rotation)of the holding memberSisnSi^l^ed^ 



10 



10 



15 



20 



25 



EP1 167 583 A2 

n the bevel-etching/chemical cleaning device 16 shown in F'^ J • ^^,^^^3 vv, can shift the edge port«n 

state im thickness measuring instrument 41 3 Pf^J'^f "^^^^^^^^^ , ec are a pbn view and a cross-sechona. 

Jltllgthe appearance Of the transpo^ngJ^-2^^^^^^^^^^^ 

M thp rnbot hand, respectively. As illustratea, me y respective y, so as to be swingaoiy 

hi The hands 3-1 3-1 can scoop up tne sen hwummw* 

40 or copper sulfamate. . j^ti^g .-.quid (second plating liquid) containing copper 

?00761 in the second plating section 22b. a ~PP«f ^""^^"""2 used as the plating liquid 45 (see FIG. 3). 

and sulfuric acid, and having an excellent '^^'J;^;^^^^^^ is taken one by one from the 

^rrntrrtt^Seie^other-rstpla.^^^^^^^^ 

00781 Next, the first-stage plating <:«^"«f JJ^ f ^ 2). The first plating liquid used .n the f.^t plating 
reinforcinq and completing the thin portion of the seed ^y^'J^^^^ a complexing agent such as pyro- 

sSn 22a e g. a plating liquid comprteing copper PV^^^^P^'^aTe pia^^^^^ liquid (second plating liquid). "High po- 
pChoSacid. has a higher polarization than a "''"^ ^ J"^'^^^^^^^ Jegree of change in current densrty « 

K on- herein means that the ratio of the ^^^^ f S^to^^^^ P°'^"'^' '"^^tTthl rS 

hinh that is the degree of change in current density is el«ive lo ^ ^.g^^, the ratio 

a/(D,-DOforthebath A.indicatingthatthebathBhMamgne p ^ ^ ,„ which a 

f high polarization such as the bath B when used P^^^^^ of electric current, can -r^ake «.e 
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fon^edon thebevelportion of the substrate W^J^^edalvS-^^^^^^^ ' 'k""'"'' « coppe 2 
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used in the first plating section 22a «<='=°^'^'"9. "J'^^^^X^^^^ unifL electrodeposftion property whereby 

ization, the plating liquid can raise the <^«P°^';°" P^^^-^^'^^^^^^^^^ layer, which has been difficult wrth a usua 

TeclriewhLWsubstrateWiscleanedbyusmgach^^^^^^^ 

S the complex bath compositions 1 -4 shown mT^le 1^^^^^ 

mposmons 1 and 2 shown '"T'^'^'^t^'* P^^^^^,^^^^^^ of the complex baths 1-3 have a higher 

baths 1-3 and the copper sulfate bath 1 . As can be seen from 

polarization than the copper sulfate bath 1 . 
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Table 1 










A 


B 


C 


D 


E 


F 


Complex bath composmon t 


20 


60 


0 


0 


200 


0 


Complex bath composition 2 


40 


120 


0 


0 


400 


5 


Complex bath composition 3 


0 


0 


10 


30 


0 


0 


Complex bath composition 4 


0 


0 


20 


50 


0 





Note : 

A: Copper pyrophosphate (g/L) 
B: Pyrophosphoric aid (g/L) 
C: Copper sulfate (g/L) 
D: EDTA-4H (g/L) 
E: Cholln (ml/L) 
F: Organic additive (ml/L) 



Table 2 







A 


B 


C 


D 




Copper sulfate confiposltion 1 


200 


50 


0.2 


5 


50 


Copper sulfate composition 2 


70 


185 


0.2 


5 


55 


Note: 

A: Copper sulfate (g/L) 
B: Sulfuric acid (ml/L) 
C: Hydrochloric acid (ml/L) 
n- Organic additive (ml/L) 
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Example 1 



10 



20 



40 



45 



Example 2 "iinutes. 

was perfom,ed at a currem denstty of 1 A/dm2 for 5 Jnu!2 '^^^^^ 
Example 3 

Example 4 ^^mmuies. 

Comparative Fyamp io -( 
Comparative Exam ple P 

o^defects The resuHs are sf,own in Table 3 te^.yZelZ^r '° ''^^'""''^ °' ^''^^'^ 

as8hown„FIG.23A:nodeposftion Of copper S^^^ 

he fonmatron in the copper of a seam-like void V, 2 sho^i^S ^""^ V, ; "seam void" indicaS 

lnmecopperofapar,fculatevoidV3asshovS,^^RG2rc ' ^""^^ 



25 



30 



SO 



55 



Example No. 



Example 1 



Example 2 



Example 4 



Comp. Example 1 



Table 3 



Poorelectrodepositlon 



None 



None 
None 



None 



None 



Seam void 



None 



Particulate void 



None 
None 



None 



rcomn r 7 f I "^"""d I Found 1 

[0104] ThedatainTable3demonst«testhat.ihExamptei^ theflllinnw»h 

ample 1-4. the filling with copper was completely effected without 



None 



None 



None 
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Table 4 
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A 


B 


C 


D 


E 


Complex bath composition 1 


13 


45 


130 


0 


0 


Complex bath composition 2 


26 


98 


260 




5 


Complex bath composition 3 


13 


45 


0 


160 


0 


Complex bath composition 4 


26 


98 


1 320 


5 


Note: 

A: Copper pyrophosphate (g/L) 
B: Pyrophosphoric acid (g/L) 
C: Cholin (ml/L) 

D: TMAH (tetramethyl ammonium hydroxide) (mi/g 
E* Organic additive (ml/L) 





Table 5 







A 


B 


C 


D 


25 


Copper sulfate composition 1 


200 


50 


0.135 


5 




Copper sulfate composition 2 


70 


185 


0.135 


5 


30 


Note: 

A: Copper sulfate (g/L) 
B: Sulfuric acid (ml/L) 
C: Hydrochloric acid (ml/L) 

D: Oraanlc additive (ml/L) 



roioei As descnoeu neiemcw^*-, « ■ j enables reimorcemem oi ui« k 

copper-plating liquid can enhance the poianzation ^J^P^^^^^^^^^^^ ,uch as trenches and holes, having a 

of a seed layer and uniform filling wrth copper into the ^^^^^'^ miaovoids formation therein. Furthemiore. 

10107] FIG. 24 1, a plane view 01 "<««''^™™,^!!f JS ^S,annetfli.96ec«ons60««Klwartin9"<»io™ 
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of the semrconductor substrate W held by the hoMnnnZ.^^lfT'^ of a surface to be plated (upper surface) 

npheral edge portion sealed with the dam rnernber M1 Tht .£S' i ^^^"""^"^^^ substrate W having the pe- 
qu.d supply means 351 disposed near an up^ r oSer petheTo T "^'"^ '"''^ comprises cleanSTg 

liquid or the like (plating waste liquid) discharqed a diZo Tnf ^ ^covering a cleaning 

recovering the plating liquid held on the sSndu'ctor Sr^tl S 'T'^ ^'^°'^") mucking in an? 

t-onally driving the holding means 311 "'«°"^'«^°^«"'«trate W, and a motor (rotational drive means) M for rote 

^ cen r«alV, and many nozzles 343 of the sLwer Lad^? arT o^f '""'"^ '"^"'^"^ P~^'ded con- 

heater 317. The lamp heaters 317 may be composed^ a sLri'" n""^''^ ^^^^^'^ t^e lamp 
amp heaters of various structures and arrangemente ^ ^ °^ '^"'P^^'^ °the? 

^ W. Specifically, the substrate placing 3^13 .^^^^^^^^^ 
semiconductorsubstrateWtoabacEh:^^^^^^^^ 

supplied Plating liquid in a shorl'rSrruS 

semiconductor substrate W. The cleaning liquid STv lans '° '° P'^^d. oTthe 

a nozzle 353. The plating liquid recovery nozzle il adamTd to k! J k.^ '""^"'^ ^^^'"9 « '^««"!"9 from 
he front end of the plating liquid recover, no^L ^^^SSJStlV^T T^''' «*^'"9able. and 

m the plating liquid on the semiconducto7subSatr W °' ^ '"^'"ber sil to suck 

LerJd Will be described. B.t, the holding mea™ 311 . 

the dam member 331. and.hesemSlr?rt4^W^^^^^^^^ 

ptor3S:;s^r~3rrh=^^^ 

10117] Then,thesemiconductorsubstJ/«^::rj"r^°r"".'"'~^^^^ 

w is in an ooen stetp 

ature of the semiconductor substrate W. for exempt 'JSItf h'' '""^ ' '° ^^"'^^^ ««"Per- 

.quid heated, for example, to 50-C is e ected Z L shoirhTadSi T '"""T"" °' ^"^""9). Then, the plaSng 
theent^e surface of thesemlconductorsubstratoWSini^^^^^^^ 
by the dame member 331 , the poured plating liquTdTs aTh^d "!^^ 
amountofthesuppliedplatingliquidmaybTasraHrn^lL K^^^ 

surface of the semiconductor suLraTeTT^eZ^X oll„T '^.T ' ' ""^ ^^^^ "^0 on the 
mm or less, and may be even 1 mm as in this emSlInnf^IZ, °" '""^"^^ P'«'«l 4 be 1 0 

as described above, the heating apparatus fo?S??he l,i„ r T""' °' '"PP""'^ P'««"9 ^ sufficient 
he temperatureof the^^^ be of a small size. In this embodimen 

to 50«C by heating. Thus, the surface, to be plated orthe^,ILnHi r''*'^'"^°"''«P'««'"9 's raised 
and hence a temperature optimal for a plating ,Sctl ,^2IZl!!^H "l^'^ ^ ^^^P'^- eo'C, 

adapted to be heated as described above. ^!^at^XT^^ semteonductor substrate W itself is 
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,..uc....ua.eW>sa.sos...T.uM~ 

can be performed easily, and the capadty of '^^^^^^^J,^ « used, switching between heating and 

eompart' If means for directly -^'^^.^^^.f the plating liquid held on the sem. 

cQolina may be perfomied during plating to change the P'™"9 „.rf-„n,ed with good sensitivity. 
^nSr-bstL IS in a smaH amoun, ^-P-^'.^S^r^^^^^^ '^"'^ "^^^ 

[01181 The semiconductor substrate W is '"^*f"*^"^°"' ^ J performed in such a state that the semicon- 
If the surface to be plated, and then Pf l^^l^^'^^^^^^^^^ W is rotated at 100 rpm or le^ 

ductor substrate W is in a stationary SpecrfK«lh^^^ o^emiconductor substrate W with the platHig hqu.d. 

rVerrrrrrw-^^^^^^^^^^ 

Ua nearthe inside of the dam member 331 on«^P^^^^^^^^^ 

in the plating liquid. At this time. If the sem«»nductor ^^J^^f^^J™/^^^^^ ^ ^„ ^e gathered In the portion of the dam 

'im or'less. the plating liquid -^-"9 .^^^^^^"^^^^^ force, so that recovery 

.Member 331 on the peripheral edge portK>n of the s™^^^^ 

of the plating liquid can be perfom^ed w, h a gooj^e W and a h^J r substrate W is started Xo 

,0 separate the semiconductor substrate W surface of the semiconductor substrate W 

be rotated, and the cteaning liquid (uttrapure water) isjetted aUhe Plated simultaneously perform 

from the nozzle 353 of the time, the cleaning liquid jetted fro-n the 

dilution and cleaning, thereby stopping ^'^^^JSIdeaning of the dam member 331 at the same time, 
nozzle 353 may be supplied to the dam '^^'^^^'f^^l^^^^^l^^^sA and discarded. 
The plating waste liquki at this time .s ^^'^^^^^f *f ^^^^^^^ described above, the amount of the plating 

Kn::rsrcrb=^^ 

semiconducto; substrate W is removed from ^l^^^^^^^'^J^^^^^^^^^^ ^paratus which includes polishing units 

[01221 FIG. 27 IS a plan view showing another ^"^Jf 7^"'^^^^^^^ p^^jng. This plating apparatus comprises 

ntegril^ so that a surtaoe of a substrate can ''^ P^^Jf '^'^^^^^ cleaning sections 535. 535 for cleaning 
subLLassettes 531 . 531 for loading and 1^^^^^^^^ 
substrates, two transporting devices514a.514b.revereingmacn 

35 ing modules) 541 . 541 . and spin f'y^'f^. ^-^^^ the transporting device 514a withdraws the sub- 

[0123] The flow of a substrate W is. for example. '"J^!'^:^^ loading. After plating treatment is perfomied by 
Lte W before treatmentffom one of t*^-"^^^-^^^^^^^^^ ^^Sate'w to one of the reversing m^hines 539 

the plating section 512. the transporting ^ is transferred to the othertransportlng device 5141^. 

which directs its treated surface downwart^Th^.th^ 

The transporting device 514b transfers the subs rate ^ ^ ^ transporting device 514b, and cleaned by one 

?ht,g is perfomied. The substrateWafterpo^mg«^^^^^^ 

of the Cleaning sections 535. Then, the ^"^^J^*!,^ j^a ^ 514b to the other cleaning section 535 where 
again, and the substrate W is transported by the transporti^^^ 
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determined values, whereby the chemical reaction rateTklToL t . n ^ maintained at pre- 

urement of the plated copper film 6, or surface dete^ton^th^ hit? ? ""'"^ °' •^'"^ thickness me^ 

he f,lm thickness of the plated Cu film 6 reac^esIS or when thet'r, f ^'^^ when 

primary pc^hing) is judged ,0 ha 

ofthepolfehlngta^Mr^rSlT^^^ 

P"'«waterandanitrogengasandejectingtheSu?eSed^^^^^ 

Soar. 

an.trogengassupp|ysource214throughanalropeJo7vS 
has been controlled tjy a regulator 21 7 from a pure wl^^^^^ 

[0128] The mixed gas and liquid undergo changesTnTaral?,. ''l*'^"^'' "'^ «>f«rator valve 2^9 
and/or gas and the nozzle shape, by the nozzl^ Thl iin^^HT L * ^ '"^ P'^"""^ temperature of the liquid 
«> ® formawon of liquid fine partes. ®forSSS o7soSTnI J^.'.""'""'' i«"'n9 as 'olS 
0 the liquid upon evaporation (hereinafter.® S!^^^^^^^^^ °' gasificTn 

a^a.scomponent..„ed.wlthpredeterml^^^^^^^^^ 

tO-1la to IMid toward the Polishing sS o' a fol^nT^^^^^ ^^^^^ mbci^g s 

pure water can be set independently. In the present Lbc^lir °' '"e pressure of 

pure water line and a nitrogen line, but regulaS JwirsSo 1?'""'"' a^nS wit' a 

may be used. As a result of cleaning polJhrg "rf^e 1 "Zs^^^^^ "^^'^ °" external signals 

Kndj:rrrs2^s?mV^^^^^^ 

arrangedsoastobeplacedverticallyoneabovethTothe?!^^^ 
to enable a substrate W placed on the robot hrnd S40^^^^^^^^ 

^Sl^HT "^'^ '° transPo^o °oni^^^^^ Also, the robol 

[0132] As shown in FIGS. 31 A and 31 B four film thfcknUc = ~ ^^''^^'^ ^'^«^«0"- 

robot hand 640. Any film thickness sensor s n^^^SC'^^lT^'"^ ^ ''''^ attached, in 

a buried State to the 

current sensor is used. The eddy current sensor o^no™!!' 1°^" ""^^'"'^ '"^ "'"'^"ess. Preferably an eddv 
electric currents which have paSLd tr^hT Lbs"^^^^^^ '''^"^ '^"---^ "''^es^ 

ed J, current sensor is used in a non^ntL mam^An^^^^^^ 

S. The optical sensor Irradiates a sample withTght and cSl^! " '"^'^^ ^ 'hickness senso^ 

reflected light. The optical sensor is capable of measuSna itT^^ "^^'^ ""ormation on 

Wm such as an oxide film. The posrtions Of InstaTa^onT^^^^^^^ 

positions, and the film thickness sensor S is atlaieSrln «hJJ^ ^ ^ '""i'ed to the illustratJS 

made. The robot hand 540 is available ai aX h^Znl 7^^ ' "^«°" measurement be 

substrate W. The film thickness sensor S can b^ attacheTto 2h.r 7 T^T °' " ''^"^ *^^*>"9 a wet 
IS used in a plating section, however there is nLd f^l tmnsporting device 514a (514m 

that only the seed layer Initial^ pSd ThurTfeT"^^ '"^^T '"'^''^^ ^ such'f Jt S 
initiaiiy in a dry state, which is placed in the substrate Lr«^7« ^ ^^^^^ess of the substrate W 

the film thickness sensor S to L dry hind. ' ^'""^ ° 2^)- " is desiraWe tolS,' 

LhaLrarn^^rrrrtr^^^^^^^^^^ 

Of ti,e substrate W after treatmrnt^?;!^^^^^^^^ 
tN..e.A.ar.hmet.cmethodmaybe^sed,lfrnrrr,r^^^ 
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arbitrarilyvarying the height of the robot hand. „„„spnt to the arithmetic unit to measure the film thickness 

?0«r The construction in which signals ««f:f J^Vb'^^^^^ of measurement slmu«aneeus 

s the same as in the embodiment shown 'o FK^^^^J^. ,' p'^a^S «me, so that it is preferred to perform compu- 

ron^rrhToro— sr^^^^^ 

SlSne^ sensors S are provided on an upper ^'T'l^.^'^.X^^^^^^ L exit and entrance portion 550, 
STa Shown in FIG. 27. That is, a 

carried into and withdrawn from the platmgsej^ran SIZT^^^^^^ . 
and the sensors. . , g ™ computed by an arithmetic unit. In the case of scan 

.0 rhe surtace, to be treated, of mesutetrateW faces downward^^^^^^^ ^ „ «nen 

S on a lower side of the location of the polishing unit measurement of the film thickness Is 

fhe film t^ckness sensors S are installed on the "PP^'^^f^^^"^ SSishing is completed, the treated surface 
pos^rtebutlnstallationonthelowersideres^^^^^^^ 

eSng am, 553. 553 po-ttons. As shown '"F^^^^^^"' JS^^h^^^^^^^ substrate W through 180- .the^ 
ebetween and hold rts outer periphery from "9" belowthe reversing am^s 553^553 

.umlng the substrate over A --""^^.^^^^^^ base 555. The mounting base 555 is adapted 

01«rDuring°everslngofthesubstrateW^ 
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between the substrate W and tho e« 

plural types of sensors suitablffirerrp'^?^^ dSo °' — --ent. „ is also possible to mount 

the sensors eaoh time measurements ^^(^1 th!^!";^"' ""'"^^ "^^'-"^^ ^^tween the substr^tJ S and 

chem«al cleaning sections 984 and substrate staaergT- ^' f ^""^^""9 986, bevel-etchlna^ 

washing secHon 982 for washing by water^aS ? teS^i^^ ^ o ' rr''"^ '° t™"sporte5 the 

[0149] Next, the second-stage plating Is perfomied SntTZ surf ' ^"^'^"^ 972. 

972 using a second plating liquid, thereby Lng Xop^^^^^^^ 

««< three cteamngAlrying sections 808 are disposed araund ln . «"ibodiment, three plating sections 806 

drying sections 806, bevel-etching/chemical dSno^!^^ transporting device 804. Instead of the cteanS 
mz'^TsT"^' orof thef^ldoXe "^^^ P'ating section 808 mayS 

The Plating apS^ZtSI'Ltarg'tS^^ accordance wtth the present invention 

^ette tables for placing thereon subs rat tiSL ^^™/^^ "^^ 820 i S 

wafers, and annealing sections 830. The main frame SS fn^, J substrates such as semiconductor 

Pteting sections 836 for perfomiing the aZe dSf^ S if'''f'°'"'"""'"9/drying sections 834. apairS 

transporting device 842 is disposed in the main f?^e aal ?„r ? ^'ea^fS/drying sections 834; and a second 
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[01551 FIG.42isaplanviewofyetanotheren*o*n«nt^^^^^^ 1050, 

Vhe plating apparatus comprises "'°^f "f. ^^^^^^ 

cleaning/dryingsection(spinnir,g.nns,ng.dn..ngun,0^^^^^^^^^ 

(reinfo,cemer,t of seed layer) ^V'^^^Jc.g 19 a^d was^^^^^^^^ tor washing the substrate between hrst- 
plating (filling with copper) as shown .n FIG. \^^~^^^^^^^^^^^Mtraospo^n9 device 1060 for trans- 
stage plating and second-stage plating. The «PP^^«»"^ tf^^^^^ 

porting a substrate between the ''>««^>"9^:'°«^'"VdC!oom^^^^ transporting the substrate between 

and the cleaning/drying section « J^^^^^^^^^ 1040. the' first plating section 1010 and 
the bevel-etching/chemical cleaning section 1 050. the cieaning^ary g 

the second plating sections 1020. .„„3 ,010 and 1020 shown in FIG. 42 

second plating liquid described above for desire ^^^^^^ described in detail. 



of the appended claims. 
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biaims 

agent. 

monia and tetramethyl ammonium hydroxide. 

plating liquid is in the range of 7-14. 

zoles, pyrlmidlnes, sulfonic acids, and gultamic acids. 

pentamethylene phosphonic acid, and their derivatives. 
monIa and tetramethyl ammonium hydroxide. 

01 0.1-1«> *1, ■ concenmtloii ol said co™pl»»n9 ag«it • in me range « o.i 



Ot O.T-IUU g/i, a uuiiocMt,«Mw 

50 plating liquid is In the range of 7-1 4. 
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zoles. pyrlmidlnes. sulfonic acids, and gultamic acids. 
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cholin. ammonia and tetramethyl ammonium hydroxT '^''^'''°*^°^^^ 
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SylSSne pentamethylene phosphonic acid, and thcr der«,at.es. 
cholin, ammonia and tettamethyl ammonium hydroxide. 

imidazoles, pyrimidines. sulfonic acids, and gultamic acids. 
27 A plating apparatus comprising: 

phosphoric acid, cholin. ammonia and tetramethyl ammonium hydroxule. 

SiXmidazoles, pyrimidines. su«onc acids, and gultamic acids. 

3. The Plating apparatus acceding toc,aima.,whe^^^^^^^ 

Is selected from the group consisting of ^'^I'^J''^'^''"''^'^^^^^^ pentacetic acid, diethylenetri- 

nitrotetrapropane-2-ol. pyrophosphoric ac.d. '7"°^'^°^'"^^'' J^^^^^^^ ethylenediamine. ethyledi- 
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36. A plating apparatus comprising: 



=~sss==— ^^^^ 

said second plated metal film. Polarization than said second metal plating liquid for.forming 

37. A plating method, comprising: 

plated metal film. gn«r polarization than said second metal plating liquid forfomiing said second 
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FIG, 1 8A 
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STEP 2 



FIRST-STAGE PLATING 
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I WASHING B Y »ATER 

?g 4 J. 



SECOND-STAGE PUmNG 1 
L (FILLING ilTH COPPER) j 

[ WASHING BY WATER I 



STEP 6 



I 



BEVEL-ETCHING/CHEMICAL aEANING 



STEP 7 
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WASHING BY WATER 
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STEP 5 



CLEANING/DRYING 
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FIG, 2 4 
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FIG. 26 
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FIG. 2 8 
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FIG.31A 
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FIG, 3 
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FIG, 37 
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